During the solidification of Al-Sm metallic glasses the evolution of the supercooled liquid atomic structure has been identified with an increasing population of icosahedral-like clusters with increasing Sm concentration. These clusters exhibit slower kinetics compared to the remaining clusters in the liquid leading to enhanced amorphous phase stability and glass forming ability (GFA). Maximum icosahedral-ordering and atomic packing density have been found for the Al 90 Sm 10 and Al 85 Sm 15 alloys, respectively, whereas minimum cohesive energy has been found for the Al 93 Sm 7 which is consistent with the range of compositions (from Al 92 Sm 8 to Al 84 Sm 16 ) found experimentally with high GFA.
Simulations are performed using the Finnis-Sinclair empirical potential implemented for the Al-Sm MGs [21] in the LAMMPS software package [22] . Lattice parameters and formation energies of Al rich crystalline compounds have been included in the development of this potential. Although these parameters have been fitted only for Sm concentrations of up to 25at.%, it will be shown that quantities, such as diffusion coefficient (DC), agree well with more accurate density functional theory (DFT) calculations for a wider range of compositions (up to 50at.%Sm). Therefore Al x Sm 100−x alloys were analyzed with compositions in the range of 100 ≤ x ≤ 50. The Finnis-Sinclair potential has the following functional form U =
Φ ti (ρ i ) where t i represents species of atom i, N is the total number of atoms, r ij is the distance between atoms i and j and θ titj (r ij ) is the pairwise interaction energy. In the above equation, Φ ti (ρ i ) is the embedding energy function and ρ i = j Ψ titj (r ij ) is the electronic density, which in turn can be written as the sum of the electronic density functions Ψ titj (r ij ) of the individual atoms. The starting system consists of 32,000 atoms arranged on a face-centered cubic (fcc) lattice with 20×20×20 unit cells.
Periodic boundary conditions are applied in all three directions. Initially, Al and Sm atoms are randomly distributed on the fcc lattice so that the ratio of Al to Sm atoms is consistent with the selected alloy composition and then the system is equilibrated at 300K for 0.2ns. The sample is subsequently melted and equilibrated for 1ns at T = 2, 000K, several hundred degrees higher than the melting temperature. Simulations are performed in the isothermal-isobaric (NPT) ensemble where the temperature and pressure are controlled using the Nose-Hoover thermostat and barostat, respectively. Zero pressure is maintained throughout all simulations. Subsequently, each system was quenched to 2K in steps of 50K with three different cooling rates of 4 K ps , 2 K ps , and 1 K ps . The properties of the systems have been calculated for all the cooling rates but most of the results (unless otherwise noted) will be presented for the cooling rate of 1 K ps . At every 50K interval, NPT simulations are performed for 15ps in order to equilibrate the system. After this equilibration time, NPT simulations are continued at the same temperature for another 15ps in order to calculate average properties of the systems. The timestep in the simulations is 1fs. In addition, the calculated glass transition temperature (T g ) and the melting temperature (T m ) in the simulations were found to vary almost linearly from 520K to 1,125K and T m monotonically from 933K to 1,400K, respectively, between 0 and 50at.%Sm.
Smaller Al-Sm systems (256 atoms) were used for ab initio MD (AIMD) simulations based on DFT. These systems were prepared by classical MD simulations starting from an fcc lattice with 4×4×4 unit cells and periodic boundary conditions. Al and Sm atoms were distributed randomly on the fcc lattice. After that the systems were melted at T = 2, 000K and then cooled down to 2K, using classical MD simulations and NPT ensemble. Subsequently the samples were annealed inside the supercooled region by first gradually increasing the temperature to T = 1.1×T g (below T m ) and then annealing for 0.5ns. Samples prepared this way were then used as an input for AIMD simulations. DFT calculations were carried out using the Vienna Ab Initio Simulation Package (VASP) [23, 24] . AIMD simulations were performed in a canonical ensemble (constant volume and constant temperature), where the temperature is con-trolled using the Nose-Hoover thermostat and the timestep for the AIMD simulations is 1.5fs. The Γ point was used to sample the Brillouin zone of the supercell. The Projector Augmented Wave method and the Generalized Gradient Approximation [25, 26, 27] were used to describe the interacting valence electrons [28, 29] . The purpose of these AIMD simulations is to calculate DCs and to demonstrate consistency for the empirical potentials. The samples were initially equilibrated by AIMD at T = 1.1×T g for 55ps and then the DC was calculated from the mean square displacement during the subsequent 20ps of the simulations. Finally, the ground state energy of systems created by DFT at RT was calculated using the conjugate-gradient minimization method.
The formation of MG was verified by calculating evolution of the total radial distribution function (RDF) throughout the solidification process. An example of such evolution for Al 90 Sm 10 is shown in Fig. 1 . Specifically, the RDF is given for the liquid state at 2,000K, supercooled system at 800K, and the system after solidification at 300K. The RDF is calculated at every T by averaging the RDFs from the last 15ps of the NPT simulations. The plot in Fig. 1 shows that the system at 2,000K is in a liquid state because the first peak is broad and there are no peaks at distances larger than 4Å. Upon quenching to 800K, the first nearest neighbor peak becomes higher and narrower, which suggests the initiation of some type of ordering. The second peak at this temperature around 5Å starts to split (see inset in Fig. 1 ). Such splitting is characteristic of MG structures that incorporate SRO and MRO [30, 31, 32] . The sharpening of the first peak and splitting of the second peak are even more pronounced in the solidified structure quenched to room temperature (RT), which confirms MG formation. The RDF was also examined for other cooling rates studied in this work and found to have qualitatively similar distributions.
In order to gain further understanding into the effect of Sm on the atomic structure of the MG during solidification, the evolution of the atomic structure was monitored for various Sm concentrations as each system cools down to 2K.
Voronoi tessellation technique [33] is a useful method to extract information about the system structure, especially the SRO. In this technique, a Voronoi imentally that Al-Sm alloys with Sm concentration between 8at.% and 16at.% are good glass formers [14] , these results further suggest that development of ICO-like clusters during quenching may be crucial for the vitrification of Al-Sm alloys.
To test this hypothesis, the fraction of ICO-like clusters at RT was calculated as a function of Sm composition. As illustrated in Fig. 3(a) , the highest icosahedral ordering is found at 10at.% of Sm regardless of the cooling rate used for vitrification of the alloy. Since the increased number of ICO-like clusters is often associated with better GFA, this finding is in good agreement with experimental results predicting the best GFA in Al-Sm alloys for concentration 8-16at.%Sm [14] . As the cooling rate decreases from 4K/ps to 1K/ps, there is a monotonic increase of the ICO-like population. Thus, icosahedral ordering is expected to be even more pronounced for the experimental MGs because their cooling rates are very low (∼0.1K/ps [1] ), by comparison to the computational cooling rates.
Another interesting and related question is whether the number of Sm inside the Al-Sm ICO-like cluster depends on the composition of the entire sample.
It has been argued [6] that if there was a building unit (e.g., ICO-like cluster, is one of them. APD determines the packing state of the VPs as well as the structural stability [36] and it is considered to be an important factor that affects the MG's mechanical properties [36] . APD is defined as the fraction of volume that is occupied by particles APD = APD is different from the average density of the alloy, which we found to be a monotonically decreasing function of Sm concentration. Another property that has been suggested to correlate with GFA is the cohesive energy [37] , which describes the strength of the bonds in the glass. We calculated cohesive energy using DFT and as shown in Fig. 3(b) cohesive energy has a broad minimum at ∼10at.% Sm.
In addition to structural properties of alloys, it has been proposed [4] that kinetic properties, such as the propensity for motion, of VPs might also affect the GFA of MGs. To test this hypothesis, the DCs of Al were calculated using both classical MD and AIMD calculations at T = 1.1×T g , i.e., inside the supercooled liquid. The results are shown in Fig. 4 (a) and they are compared with previous DCs calculated by AIMD at constant T = 850K [38, 39] . 
